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ABSTRACT 
In this paper, we propose a new Internet protocol (IP) traffic transmission architecture over optical code-division 
multiple-access (OCDMA) network capable of providing multiservice, multirate transmissions. The new 
architecture is independent of the OCDMA scheme employed. The main idea is to use multi-weight multi-length 
optical orthogonal code (MWML-OOC) as signature sequence of an incoherent OCDMA system to achieve 
multiservice and multirate transmissions. Furthermore, in order to evaluate the packet error rate (PER) of the 
proposed multiservice IP transmission, we derive a bit error rate (BER) expression of a MWML-OOC OCDMA 
system. The network performance is analyzed in terms of the channel utilization of the users' classes. The 
simulation results show that better performance is obtained by users defined with high-weight code. This is 
especially evident when the channel utilization is low. 
Keywords: multiservice, multirate IP Transmission, OCDMA, BER.   
1. INTRODUCTION 
The recent advent of new Internet protocol (IP) based multimedia applications such as IPTV, e-learning, 
e-culture based on 3-D full-HD (high-definition), e-health, and so on, in ubiquitous Internet-based 
communication networks will eventually demand for differentiated service types and diversified data rates. 
These aspects most certainly will become an essential challenge for future optical networks [1]. IP has been the 
dominant protocol to deliver the recent multimedia applications services [2] and will continue to grow at an 
exponential rate as the demand for multimedia services across the Internet continues to expand. Nonetheless, 
IP routing operates electrically in the network layer and cannot be processed at a speed that matches the huge 
transmission capacity provided by optical fiber [2]. A potential solution to this challenging shortcoming has been 
proposed in [3],  where we investigated a multirate, multiclass optical packet switch (OPS). In this approach, the 
bandwidth on a wavelength is divided into small fractions labelled with codes and assigned to different channels. 
However, like any emerging technology, there are still a few drawbacks to be addressed in OPS, such as 
contention resolution, to emerge it as a successful technology. Currently, optical code-division multiple-access 
(OCDMA) has become an attractive technology in all-optical networking, particularly due to features like easy 
addition of new users, possibility of differentiated-QoS at the physical layer, and support to bursty and 
asynchronous networks traffic, i.e., IP traffic nature [1], [2], [4]. In addition, OCDMA provides more immunity 
to packet collisions than dynamic bandwidth allocation in time-division multiple-access schemes [5]. Moreover, 
OCDMA has a teletraffic capacity larger than wavelength-division multiple-access, especially when bursty 
traffic is carried out [6]. 
In this paper, we propose and introduce a new multiservice, multirate IP traffic network architecture over 
OCDMA. The proposed architecture is independent of the OCDMA scheme or spreading code employed. 
In addition, the multiservice IP traffic transmission architecture is extremely interesting from a practical point of 
view, since it does not require any new optical processing technology. The idea is to use multi-weight multi-
length optical orthogonal code (MWML-OOC) as signature sequence of an incoherent OCDMA system to 
achieve differentiated-QoS and multiple rates transmission. In order to support these QoS and rates, both the 
code weight and length are designed according to the users' requested services. A new packet error rate  (PER) 
expression is also obtained for the proposed network architecture. Furthermore, in order to evaluate the PER, we 
derive a bit error rate (BER) expression based on binomial distribution for the MAI of a MWML-OOC OCDMA 
system. Finally, we analyze the network performance in terms of channel utilization, where the channel 
utilization of all users' classes are equally varied in order to fairly maintain the designed transmission rate of 
each user's class. 
2. DESCRIPTION AND PERFORMANCE ANALYSIS OF MULTISERVICE IP TRANSMISSION  
Generally, OCDMA systems can be divided into two categories based on coding principles [4]: coherent, where 
the phase of an optical signal is encoded by bipolar codes, and incoherent, where the intensity of an optical 
signal is encoded by unipolar codes [7]. In this paper, we employ MWML-OOC family as signature sequence of 
an incoherent OCDMA system to provide multiservice, multirate IP transmission [5]. The system transmits ON-
OFF pulses employing on-off keying (OOK) modulation. In addition, these supported services and data rates are 
directly related to the weight and length of the respective codes, i.e., the different code weights 
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support differentiated-QoS (multiservice), and the different code lengths support data rate differentiation [5]. We 
consider a MWML-OOC-based OCDMA system capable of achieving multiservice and multirate transmission 
through both arbitrary code weights    and different code lengths                , respectively. The 
high-weight and short-length codes are assigned to the high-QoS and high data rate users, respectively. 
The total number of active users   in the system, users that are sending data bits, is   ∑   
 
   , where    is 
the number of active users in class     {       }. Without any loss of generality, we assume that the desired 
user is the first user in the desired class denoted as   . Furthermore, the chip duration of all classes is assumed 
constant and the same, and is given by          , where    is the bit period of class  . Also,    denotes the 
channel utilization of user's class  . Moreover, the users’ data rate magnitude is transparent to the formalism and 
is accounted for by means of the code length ratio between the involved classes. 
The block diagram of the proposed multiservice IP transmission over OCDMA network is illustrated in 
Fig. 1. As can be seen, the network supports   users who share the same optical medium in a star architecture 
that is independent of the OCDMA implementation or spreading code. The number of transmitters and receivers 
are equal to the number of users. In addition, the transmitters and receivers have tunable optical encoders and 
decoders, respectively. The encoding and decoding are performed solely in optical domain by optical delay lines 
(ODLs) structures, where the delay of the corresponding lines in the encoder and decoder are complementary to 
each other. At each transmitter of Fig. 1, the destination of every incoming IP packet is recognized, and then the 
packet is saved into a buffer. The packet length is denoted as   and given in bits.  
Further, the buffer is divided into   first-in-first-out (FIFO) subparts, where IP packets that are destined for 
different receivers are stored in the respectively different subparts, i.e., IP packets that should be routed to the 
same receiver will be saved in the same subpart sequentially. Such a procedure considerably decreases the 
encoder adjusting time, since encoders are adjusted for the number of packets belonged to the same user rather 
than being tuned individually for every incoming IP packet [2]. Moreover, the control unit records the total 
traffic of each subpart and sends the packets whenever the total traffic is larger than a predefined threshold. 
However, before sending the packets, the tunable optical encoder has to be adjusted according to the desired 
address code. The outputs of the encoders are aggregated by an optical star coupler and transmitted to each 
receiver. At each receiver, a tunable optical decoder is used to extract the desired address code. Afterwards, 
optical-to-electronic conversion is made through a photodiode (not shown in Fig. 1), and a data bit is recovered 
by appropriately setting a threshold level at a threshold detector. Finally, the original data stream is regenerated. 
Since a collision might occur whenever two or more transmitters send data at the same time to the same receiver, 
a code sense unit has to be used to avoid these collisions. It should be mentioned that as each IP packet is 
buffered only twice at the edge of the optical network, the buffer delay is significantly reduced when compared 
to traditional routing schemes where IP packets are buffered at each hop [2]. 
Next, we obtain a BER expression assuming that MAI has a binomial distribution, given that the output 
interference of any OCDMA system is considered to be binomially distributed [5], [8], [9].The MAI is assumed 
to be the main degrading factor of the system, as it is the most important noise source [1]. In addition, we assume 
a chip synchronous scenario, which reflects the worst possible case for the system analyses [8], [10], and 
consider that users transmit data bits “0” and “1” with equal probability ½ [10]. Accordingly, we have derived 
new BER and PER expressions of class    users based on the formalism proposed in [1]. Full details on 
 
Figure 1. Block diagram of the proposed multiservice IP transmission over OCDMA network. 
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mechanisms to mitigate MAI in multiservice scenarios, and also the BER and PER expressions, will be 
published elsewhere. 
3. SIMULATION RESULTS 
In order to validate the derived BER expression assuming MAI as binomially distributed, we firstly simulate 
a three-class system assuming code length, code weight, and number of users, respectively, as:   = 500,   = 7, 
  = 4 (diamonds),   = 1000,   = 5,   = 20 (squares), and   = 1500,   = 3,   = 20 (circles), where the 
subscripts 1, 2 and 3 refer to a specific class. Moreover, we assume in all simulations a packet length   = 12000 
bits, i.e., Ethernet local area network maximum packet length, which reflects the worst possible case for packet 
length condition [2]. 
 
The BER versus the number of active users in class 3 is plotted in Fig. 2a. As can be seen, our results agree 
quite well with those obtained in [5, please refer to Fig. 7] which was obtained using the Monte Carlo simulation 
method and the same system parameters. Notice that the class 3 (circles) has inferior performance compared to 
the other classes, which occurs due to its lower code weight. Moreover, increasing the number of active users in 
class 3 has a small effect on the performance because of  its low probability of interference [5].  
When varying the channel utilization, the average number of active users in the network changes. Therefore, 
the channel utilization will have a significant effect on the performance of the system, since the system 
performance is a function of the number of active users [2]. In order to analyze this effect, it is assumed that all 
users in the system have the same channel utilization, i.e., fixed Bj. For example, in Fig. 2b when channel 
utilization is 40% (Bj = 0.4) all three users' classes will have the same value of Bj. It is considered in all 
simulations. The PER performance for the aforementioned three-class system with channel utilization Bj = 0.4 
(solid lines) or Bj = 0.8 (dashed lines) is shown in Fig. 2b. From this figure, it can be observed that the network 
for class 3 will not work properly since it presents     = 1, meaning that errors will occur for every single 
packet transmitted. Future works addressing MAI mitigation techniques will be investigated and published 
elsewhere. Also observe that when the channel utilization changes from 80% (Bj = 0.8) to 40% (Bj = 0.4), the 
PER performance improvement of class 1 is relatively large when compared with class 2.  
Next, we consider a two-class system with the following parameters:   = 500,   = 7,   = 10 for class 1 
(high-QoS and -rate users), and   = 1500,   = 5,   = 22 for class 2 (low-QoS and -rate users), respectively. 
The PER performance versus number of users in class 2 is reported in Fig. 3a and 3b. The channel utilization is 
varied from 0.2 to 1 sequentially for both classes. It can be noticed from Fig. 3a that class 1 (solid lines), 
differently from class 2 (dashed line), performs better for all channel utilization cases when compared with the 
worst channel utilization case of class 2  (B2 = 1, triangles, solid line). One can observe from Fig. 3b that for the 
worst case of channel utilization, i.e., 100% channel utilization, the performance of class 1 (triangles, solid line) 
is better than that of class 2 (triangles, dashed line). This is due to the code weight of users in class 1 to be larger 
than the code weight of users in class 2. One can also observe that class 1 with B1 = 1 (triangles, solid line) 
presents better performance than class 2 even when class 2 has only 40% of channel utilization (diamond, dashed 
line). It is further observed that class 2 (squares, dashed line) only presents a considerably better performance 
than class 1 (triangles, solid line) when its channel utilization is low (B2 = 0.2). Finally, note that by decreasing 
the channel utilization the PER is decreased and, consequently, the overall performance is improved for both 
classes in Fig. 3. 
 
Figure 2: (a) BER performance for a three-class system. The number of users in class 3 is varied from 5 to 20.  
(b) PER performance for a three-class system. The traffic parameters are H=12000 bits, and channel 
utilization of either Bj = 0.4 (solid line) or Bj = 0.8 (dashed). 
 
 
 
 
 
 
 
 
Fig. 1. BER performance for a two-class system with parameters   =12,   =6, and  =29. The number of users in Class 1 is varied 
from 1 to 17. Binomial approach (solid lines) and gaussian approximation (dashed lines). 
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4. CONCLUSIONS 
In this paper, we proposed a new IP traffic transmission architecture over OCDMA to provide multiservice, 
multirate transmission. The network architecture of the proposed multiservice IP traffic transmission has also 
been presented. We employed MWML-OOC as users' signature codes of an incoherent OCDMA system to 
provide differentiated-QoS and multirate transmission. The system performance has been considered for 
different cases of channel utilization. In addition, we showed from the simulation results of a two-class system 
that better performance is obtained either when users are defined with high-weight code or when the channel 
utilization is decreased. The proposed multiservice IP transmission architecture is extremely interesting from 
a practical point of view, since it does not require any new optical processing as it uses basically the same mature 
optical technology employed in single service IP traffic transmission. Therefore, this multiservice architecture is 
a promising candidate for next generation optical networks where a variety of services are expected to coexist. 
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Figure 3. PER versus the number of active class 2 users. The number of class 1 users is fixed to U1 = 10. The traffic 
parameters are H = 12000 bits, and Bj varying from 0.2 to 1. (a) Class 1 results. (b) Class 2 results. 
